INTRODUCTION
The ultimate success of management of most arthropod-associated problems of livestock depends on selecting appropriate integrated techniques for the pest species involved. Methods for controlling the impact of arthropods on livestock must be linked with the life cycle and host dependence of the pests. Information is presented below on the biology of certain species of flies, for use as an aid in establishing control programmes.
Tabanids, horn flies and stable flies are all pests of pastured livestock; stable flies can also be pests of confined livestock. These flies represent the extremes of host dependence and host specificity, ranging from the completely host-dependent horn fly to tabanids, with stable flies being intermediate. Tabanid populations probably exist today which are independent of the movement of humans and domestic livestock. Tabanids are members of the family Tabanidae, which contains over 4,000 species, many exhibiting different types of host-oriented behaviour. Female tabanids feed on blood to support egg development, while both males and females use carbohydrates from nectars as an energy source. Control programmes for pests (like tabanids) which are not dependent on domestic animals for population maintenance, are based on managing livestock to avoid areas of high pest density, intercepting pests before they encounter livestock, providing livestock with shelter or applying pest repellents.
Stable flies and horn flies are both placed in the family Muscidae. Like tsetse, both sexes of horn flies and stable flies are blood-feeders and are host dependent. Due to evolved or selected dependence on livestock, distributions and local population densities of horn flies and stable flies have been influenced by the activities of humans and domestic livestock. Stable fly larval development is amplified by livestock excrement, but development can occur in substrates external to livestock production, such as fermenting aquatic vegetation. Although blood meals are required by both sexes for reproduction, stable flies live independently of the vertebrate host for the majority of the adult life; a single blood meal supports the development of a batch of eggs. Livestock are the preferred hosts of these flies, but alternative hosts can be used for population maintenance. For pests which are moderately dependent on livestock for survival, control of the vital substrate obtained by the pest is appropriate. For stable flies, this is constituted by the manure of livestock which, when combined with other substrates, provides an amplification of populations which in turn feed on the livestock. Thus sanitation and limited strategies of insecticide application are appropriate.
Horn flies are dependent on livestock to provide the intact bovine manure pat. Adults can survive on the blood of alternative hosts (e.g. equids) for extended periods, but oviposition must occur on fresh bovine manure for population maintenance; the gene pool of subsequent generations stems from the flies which remain with bovids. Multiple blood meals are required to support egg production. For pests which are host dependent, treating the vital substrates (manure or the host) with insecticides can break the developmental cycle. However, host-dependent pests often develop resistance to environmental pressures such as insecticide application.
The best options for the control of all three types of flies considered below are summarised in Table I . 
TABANIDS
Flies of the family Tabanidae vary in colour, body markings, wing markings and size (9-33 mm). The family is placed in the suborder Brachycera. Tabanids have antennae composed of three segments; the third segment is annulated and may have a tooth-like process at the base. Common names are used for some of the frequently-encountered groups. Deer flies (Chrysops spp.) are relatively small (6-11 mm in length), yelloworange in colour with dark body markings and, usually, pictured wings with distinct dark patterns. Clegs (Haematopota spp.) are medium-sized flies with mottled wings. The term 'horse fly' covers a much more diverse group of flies, and is essentially used to describe any tabanid other than deer flies and clegs.
BIOLOGY
Female flies obtain blood meals to support egg development. Most species deposit eggs in layered masses on vegetation above larval habitats. The period between blood meals, during which the female completes oogenesis and oviposition and then begins to search for another blood meal, is three to four days. Larvae feed on organic debris and/or small invertebrates in a variety of aquatic to semi-aquatic habitats. The larvae undergo rapid growth during warm weather but are quiescent during cold weather. The larvae mature and pupate in drier soil; the adults emerge one to three weeks later. Life cycles require from two months to two years, depending on the species and the geographical location. In most regions, adults of most species are only present for approximately one month, but a succession of species is often seen. The result is that livestock may be attacked by one or more species of Tabanidae throughout all or most of the warm months of the year. Males feed on nectar, honeydew and other liquids, and females feed on these substances and on blood. Females of most species must obtain a blood meal prior to the development of each batch of eggs; however, some species lay one batch of eggs before they seek an animal host (autogeny).
ECONOMIC IMPORTANCE
On a world-wide scale, tabanids are among the major livestock pests, but the relative importance of most species varies temporally and geographically. Tabanids are painful biters, causing extreme annoyance and blood loss (up to 0.5 ml per fly), with more blood loss following the bite due to oozing. Local reactions to bites include dermal nodules. The bite wounds may serve as secondary feeding sites for other flies or as oviposition sites for myiasis-producing flies. Webb and Wells (140) estimated that 25 to 30 Hybomitra sonomensis and Tabanus punctifer feeding on a host for 6 h would take at least 100 ml of blood; weight deficits of approximately 45 kg below normal increase were estimated for cattle under heavy attack. Contemporary studies have established that 66-90 horse flies per day can reduce daily weight gain by 0.1 kg per yearling heifer, and populations feeding on cattle can far exceed this burden in many regions. Losses in beef cattle production due to tabanid attacks were established to be US$40 million annually in the United States of America (USA) in 1965; US$30 million were attributed to reduction in weight gains (5).
Tabanids have been described as the mechanical vectors of over 35 pathogenic agents of livestock, including equine infectious anaemia virus, Anaplasma marginale, Trypanosoma evansi and T. vivax, as well as the agents of cutaneous anthrax, tularaemia, bovine viral leukosis, vesicular stomatitis and hog cholera (26) . Biological transmission of Elaeophora schneiden (arterial worm of deer) by tabanids to elk, deer and sheep has been described. Loa loa is transmitted by deer flies, and Trypanosoma theileri is a benign organism biologically transmitted by tabanids. Tabanids are usually considered the primary insect vector of agents which are routinely transmitted between animals by transfer of blood. Historically, associations have been made between peaks of tabanid feeding and the transmission of agents resulting in acute disease within a relatively short incubation period. Associating tabanids with the transmission of agents which cause chronic disease or have long incubation periods is more of a challenge. The occurrence of blood transfer due to human interventions (multiple-use needles or instruments) or due to insects other than tabanids should always be considered during investigations of epizootics. For example, stable flies are often more important vectors of T. evansi than tabanids in management systems or ecosystems where tabanid burdens are low.
SURVEILLANCE
Surveillance methods for tabanids and tsetse have mostly evolved separately, but there is often convergence of trap shape and colour. This stems from attempts to construct traps which partly mimic an attractive host. For tabanids, a large black animal is considered to be most attractive, and the currently-used canopy traps or box traps employ this principle alone.
The Manitoba fly trap was developed by Thorsteinson (131) and consists of a tripod approximately 2 m tall; the top half is covered with a clear plastic canopy and a collection chamber (normally a container with an inverted funnel) at the apex. A decoy, routinely a black sphere, is suspended under the canopy. Catts (19) redesigned this trap as a pyramid with a clear top and a black base; the trap is erected using a central pole and stakes at the end of ropes connected to the four corners of the pyramid. Recent updates of canopy trap designs are available (53) . The canopy trap is easy to transport for use in remote locations. However, these traps are not very effective without the use of carbon dioxide (C0 2 ).
The Manning trap or box trap was an evolution of the Manitoba trap toward a more permanent site surveillance tool. These traps currently consist of a wooden box (painted black or brown) with a screen top narrowing to a catch container. These traps are used in the USA for tabanid control in certain areas where tabanids are frequent pests of humans. Further details on traps for control are provided under the heading 'Mechanical control' below.
The Malaise trap incorporates some form of flight-intercepting mesh panels (normally green or grey plastic screen or nylon). The panels are considered not to be perceived by flies and to provide a measure of random flight density. These panels can be arranged in a cross under a central pyramid roof narrowing to a catch container, or the panels may be used to form a long interceptor under a roof-like top with catch containers at both ends. Various modifications of these traps using combinations of visual and olfactory cues have been described (103) .
The accuracy of extrapolation from trap catches to the tabanid burden of livestock can be limited. The quantity and composition of catches in silhouette traps may not be equivalent to those of catches obtained using animal baits. For example, of 4,077 flies (four species) collected in C0 2 -baited canopy traps and from bullocks, a higher percentage of Tabanus fuscicostatus (55.1%) was caught using traps than was caught using animals (31.1%). A lower percentage of T. wilsoni was caught using traps (3.7%) than using animals (24.9%). The gonotrophic status of flies caught on animals and in traps was compared, and it was found that parity rates did not vary significantly (66) . Thus, the flies observed on animals and caught in traps are probably representative of the same population. Recent work has indicated that trap efficiency differs between tabanid species, and that C0 2 and other host odours both attract tabanids and affect trap efficiency. Therefore, trap data can generally be associated with overall tabanid animal burden, but a correlation may not occur when individual species are considered. Recently, a number of studies have evaluated semiochemicals as baits for horse fly traps. Trap catch can be increased by the addition of C0 2 (145) , octenol (29) , ammonia (53) , and a mixture of octenol and phenols (93) .
When tabanid surveillance studies are conducted, the type of trap should be matched to the question asked, and the human resources, time and modes of transportation available. For epidemiological studies comparing incidence of tabanids with incidence of transmission of disease agents, canopy traps can be recommended. Multiple sites can be sampled with minimal effort. Addition of C0 2 , host odours, or trap modifications such as baffles (i.e. combining Malaise and silhouette traps) will increase the catch; the resources of the surveillance effort will determine the best combination. For long-term studies on the trends of populations of tabanids in a particular geographical area, the Manning or box trap may be preferable. For studies on species diversity, the Malaise trap is superior. Regardless of the choice of surveillance method, several factors should be considered. Tabanid flight activity and host-seeking behaviour is influenced by daily rhythms, weather and location of vegetation; the influence of these factors differs between species.
CONTROL

Chemical control
Tabanids are considered to be the most challenging livestock pests to control, due to a number of factors, mostly associated with the life cycle of tabanids. Females spend only four minutes feeding on a host to generate eggs, which develop into adults the following year. Direct observation of flight behaviour is not possible; adult life history is often calculated on the basis of catches from traps which are inefficient. Probably the most important factor is the tendency to generalize about a family of over 4,000 species and at least 137 genera. Due to the complex life cycle which is partly independent of livestock, integrated control strategies are required to reduce the impact of these pests.
The potential for area-wide control of tabanid populations using insecticides has been studied. As with most other flies, control of the larval habitat is most effective, if such control is possible. Studies in both Africa and the USA demonstrated that larval tabanid populations and subsequent adult populations could be dramatically reduced by the widespread application of persistent insecticides on larval habitats. However, this area of research has received little attention over the last twenty years due to the demonstrated harmful environmental impacts associated with such treatments. These studies will be instructive if selective control agents are developed in the future. Areawide control of adult tabanids has met with less success, and this has often been blamed on the mobility of adult tabanids. Most studies within the last fifteen years have used ultra low volume application of pyrethroids and achieved some initial population reduction. Populations often return to pre-treatment levels within 1-3 days, indicating a rapid influx of adult flies (42) . It would be inappropriate, on the basis of the limited amount of research in this area, to discount the potential of adult tabanid control for all situations. Females of certain tabanid species can be at least loosely limited in dispersal from larval habitats for a blood meal due to the need to return to oviposition sites. Furthermore, carbohydrate sources for flight energy may be specific to the normal habitats of different species. In regions with short tabanid seasons and synchronous adult emergence, adult control could be effective in small, isolated habitats. In tropical and subtropical regions, a succession of tabanid species emerge throughout much of the year. With this asynchronous emergence of adult tabanids, the timing of short-term pesticide use to kill adults would not be practical. In these areas, adult control with insecticides would probably be most effective, using insecticide-impregnated targets similar to those used for tsetse (136) . However, the targets would have to be specifically designed for tabanids.
The effect on the tabanid burden of the use of insecticides and repellents applied to livestock has been studied to some degree. Early work establishing the economic impact of tabanids on cattle was conducted using synergized Pyrethrins to provide protection from tabanid attack (11) . The majority of the products used for equine protection have historically contained synergized Pyrethrins with some combination of known repellents. Due to limited residual activity and expense, the use of Pyrethrins is normally confined to valuable stock under intensive management. Many of the newer formulations for equine control contain one of several pyrethroids, such as permethrin, resmethrin or Cypermethrin. Work conducted by the authors has indicated the potential role of pyrethroids in reducing the impact of tabanids on other types of livestock.
The pyrethroid fenvalerate was applied using a high-pressure (100-200 psi = 7-14 x 10 5 Pa) spray as a model for determining the effects of pyrethroids on tabanid feeding success. Feeding time was found to be significantly lower (35% reduction) on treated cows for the horse fly species observed, and the amount of blood consumed was also significantly reduced (by 30%). Reducing the feeding time of a population of horse flies by 35% would result in a 35% reduction of flies on the animal at any time. Reducing the amount of blood losses by approximately 30% would also be possible. Mark/recapture and dissection (parity) studies indicated that at least 20% of the tabanids feeding on cattle contiguous to larval habitats had fed in that area within the previous four days. A 44% reduction in daily blood loss due to tabanid feeding for cattle treated with fenvalerate would be predicted from the combination of reduced subsequent feeding and reduced size of blood meals (27, 64) .
As 20% of the population can essentially be controlled, the efficacy of pyrethroid ear tags and sprays was evaluated against tabanids under field conditions in Louisiana. Overall fly mortality rates were 3% in controls, 9% using permethrin tags, 15% using fenvalerate tags, 67% using fenvalerate spray at 0.01%, 79% using fenvalerate spray at 0.02%, and 100% using 1-cyhalothrin tags (65) . At certain concentrations of pyrethroids, a large percentage (up to 60%) of flies which feed on cattle will survive 'knock-down' under laboratory conditions. A mark/recapture experiment was conducted to determine whether similar survival rates could be observed under field conditions (i.e. in the presence of predators, etc.). It was determined that 74% of the flies which would survive a knock-down dose under laboratory conditions would actually survive under field conditions. Therefore, knock-down cannot be considered as an indicator of potential mortality in the field.
Studies on the treatment of livestock with residual insecticides prior to pyrethroids found little effect other than adult mortality after the flies had completed a blood meal. Parity studies conducted by the authors have shown that this can have a limited impact on the tabanid burden of livestock over time. There appears to be some indication that the use of pyrethroid sprays provides partial protection for livestock.
Cultural control
Animal management can influence the incidence of tabanids on livestock. Few tabanid species will enter barns or other structures; the species of horse flies which do enter structures are usually active during crepuscular or nocturnal periods. Tabanid attack can be reduced even when cattle are stanchioned beneath roofs supported by posts and with open sides. Given access to suitable structures, free-roaming livestock will seek shelter from tabanid attack.
Fewer problems will be encountered on pastures located well away from wooded areas. R. Combs (personal communication) found that of tabanids collected from steers, 31% were collected 120 m into the woods, 34% at 20 m into the woods and 12%, 7%, 6%, 5% and 5% at 20 m, 120 m, 220 m, 420 m and 720 m from edge of the wood, respectively. In other studies, reduced catches of tabanids were reported when canopy traps were placed away from the edge of the wood, and the number of deer flies attracted to humans was reduced approximately 90-fold when researchers moved from wooded edges to 50 m into cultivated fields (43) . Therefore, larger pastures should be used during peak tabanid activity. Management of grazing areas relative to tabanid seasonal occurrence may be an element to consider in integrated management of tabanids.
As stated above, in regions where wooded habitats predominate, the incidence of tabanids on livestock may be influenced by the proximity of wooded areas to grazing areas. Deer flies are primarily ambush feeders, attacking moving vertebrates upon entry into or within wooded areas. Removal of trees and other vegetation has been associated with reduction in deer fly numbers. Increasing pasture size and limiting access to wooded areas can serve multiple functions including increased forage production, allowing animals adequate distance to move to areas of low tabanid attack rate, reducing tabanid attack within wooded areas and reducing tick burdens. Vegetation control can also reduce oviposition if the oviposition substrate occurs along the margins of aquatic habitats.
The use of vegetative barriers has been proposed to prevent movement of saltmarsh tabanids into strategic areas. Morgan and Lee (81) reported higher catches of Tabanus nigrovittatus at gaps in a dense wall of bushes and grasses separating fly breeding grounds from recreational areas. Roberts (103) observed that tabanids would not fly over an 8 ft (2.4 m) high fence composed of 1/4-inch (0.6 cm) mesh hardware cloth wire to feed on steers. These studies support multiple observations that tabanids fly round barriers rather than over them.
Water management is also a tool which can be used for managing tabanid larval habitats. Unfortunately, there is such a paucity of information on larval habitats in general that rational decisions cannot be made regarding the potential effects of draining. For example, draining one habitat to control one complex of species may create additional larval habitats for other species. Strategically-timed flooding of certain larval habitats can be particularly effective in inhibiting adult emergence or leading to the death of larvae or pupae. Anderson and Kneen (2) demonstrated this principal by temporary impoundment of saltmarshes to control deer flies. This principal is also demonstrated in nature in flooded hardwood forest habitats. Prior to pupation, the larvae travel up to drier areas where pupation occurs. If these areas are flooded due to excessive rains, adult populations are greatly reduced. Spraying kerosene or other surfactants on the surface of small natural or artificial water pools where tabanids drink has also been mentioned as a method of surveillance and control (1).
Mechanical control
The saltmarsh greenhead, T. nigrovittatus, is considered to be an important human pest along the Atlantic coast of the USA, and the use of permanent traps for adult T. nigrovittatus control has been advocated. Modifications of the Manitoba trap and the Manning trap have evolved into the now widely-used box trap (137) . These traps have been shown to collect great numbers of saltmarsh greenheads, thus reducing biting activity on humans. However, long-term population suppression is not considered possible. T. nigrovittatus females are autogenous, and trapping does not prevent the first oviposition.
Biological control
When considering biological control, it should be recognised that tabanids are no exception among insects; there are many natural infectious diseases, parasites and predators at all life stages of tabanids. However, the manipulation of natural mortality factors has rarely been explored for the suppression of tabanid populations. Therefore, this section will be abbreviated with some practical notes. Comprehensive reviews are available on the description of diseases, parasites and predators (1,100). The diversity and dynamics of tabanid populations buffer this group against depletion by parasites and predators. For example, adult tabanid production from flooded hardwood forest floors in Louisiana averages 1 fly per sq. ft (1 sq. ft = 0.09 m 2 ) of soil surface, which is equivalent to 43,500 adult tabanids (21,750 females) per acre. The authors have found that approximately 50% of these females successfully complete a blood meal and deposit around 200 eggs (or 2,150,000 eggs in total). Thus, only 2% survival from egg to adult is required to maintain annual populations.
The major natural enemies of tabanid eggs are hymenopterous parasites. Parman (85) attempted to supplement parasitism of eggs deposited in a specific habitat; the experimental design of this study precluded interpretation of the data. Mermethid nematodes appear to account for approximately 40% of infection (and assumed mortality) in certain larval tabanid populations. Many types of infectious agents have been isolated from tabanid larvae, but there have been few epidemiological studies on these larvae. Vertebrate and invertebrate predators, as well as cannibalism among tabanid larvae, appear to have little effect on tabanid populations.
Fungi and protozoa (especially microsporidia) have been isolated from various tabanid life stages but, as with pathogenic bacteria, introduction of agents into populations is a limiting factor. More recently, spiroplasmas (mollicutes) have been isolated, and horizontal transmission of these agents may occur. Since tabanid populations are resistant to naturally-occurring biological control agents, molecular manipulation of agents transmitted horizontally between tabanids will most likely provide the first tool for reducing tabanid populations using biological control.
In practice, the only form of biological control which provides protection for livestock occurs when predators intercept host-seeking tabanids near animals. Under some circumstances, sarcophagids and dragonflies can interrupt tabanid feeding. However, the most dramatic reduction in tabanid feeding relative to presence of predators occurs when Bembecine wasps (Nyssonine) are active around livestock. Tabanids are captured by these wasps and used as food for their larvae, and the number of tabanids feeding on livestock is reduced below the level of predation as a result of tabanids avoiding contact with these wasps. Unfortunately, the larval habitats of these wasps are usually specific, and seasonal population peaks of the wasps are much shorter than those of tabanids.
Control summary
Repellents and selective grazing or confinement may be used to reduce the impact of tabanids. Manipulation of larval habitats could be used for population control if the need was established. Permanent traps (and possibly treated silhouette traps) can be employed to intercept flies. Insecticide use for other pests (ear tags, sprays or dips) may have a partial impact on the tabanid burden under certain conditions.
STABLE FLIES
The stable fly Stomoxys calcitrans (L.) and seventeen other species comprise the genus Stomoxys; most of these muscoid flies are found in Africa (147) . Adults of both sexes are blood feeders, which binds these flies to a close relationship with host animals, including domestic species of livestock. Of all the species of Stomoxys, S. calcitrans is the most widely distributed and is considered to be a cosmopolitan pest. S. niger Marquart (formerly S. nigra) has also attained pest status in certain parts of Africa (86) .
Adults are basically grey in colour, with four black stripes on the thorax, and the abdomen is tessellated (checkered) in black. The extreme width of the frons and the characteristic markings on the abdomen are usually sufficient for identification of these species. Size range is 4-7 mm for S. calcitrans, and 5-7 mm for S. niger (147) . S. calcitrans greatly resembles the house fly Musca domestica L. to the untrained eye, until one notices the sword-like proboscis projecting from beneath the head. Stable flies are commonly mistaken for small species of horse flies (Tabanidae) due to their biting activity, or for other flies similar in size and colour to the stable fly.
BIOLOGY
When studying the biology and habits of highly-mobile pest species, such as the stable fly, it is important to be familiar with all stages of the life cycle, especially when planning control strategies. Many livestock producers do not realize that fly larvae (maggots) eventually become the winged adult which is annoying their animals. Some producers report that, a few days after noticing small flies on cattle, these flies have become larger; this is of course incorrect. After the adult fly emerges from its pupal case, it grows no larger with time. The size of adult flies is dependent on the developmental conditions (e.g. nutrition, temperature and moisture) to which the immature flies (larvae) have been subjected. The life cycle of the stable fly is composed of four stages; egg, larva, pupa and adult. Stable fly eggs hatch after 12-24 h into small, first-instar larvae. These larvae grow and molt into the larger second-and third-instar larvae. Third-instar larvae eventually form the pupal stage. At 27°C, this process takes approximately 12-13 days for S. calcitrans (63) and 28-32 days for S. niger (77) . After approximately 7-14 days in the pupal stage for S. calcitrans and S. niger, respectively, adults emerge to seek a host and a blood meal. Adults begin mating when 3-5 days old and females begin laying eggs when 5-8 days old. Adults must have blood meals to successfully mate, and females need blood meals for egg production. Females of both species lay between 60 and 130 eggs during one cycle and move frequently, depositing eggs in small numbers throughout the chosen medium. Another blood meal must be taken before a second batch of eggs can be produced. Reports of lifetime egg production are variable for both species, but production ranges between 60 and 800 eggs. S. calcitrans adults will live up to 35 days in the laboratory, but probably survive less than two weeks in the field (56) . Laboratory survival of S. niger adults is ten days (77) .
Stable fly larvae develop in manure, spilled feed and decaying vegetation (74) . Pupae may also be found in these materials or in the substrate immediately below or adjacent to these materials. Because pupae are usually found close to larval development sites, the following discussion is generally limited to materials used for larval development.
Decaying vegetation is used almost exclusively by both S. calcitrans and S. niger, larvae are not usually found in association with cow manure, unless the manure has been dropped on vegetation. In this case, the vegetation becomes wet with moisture from the manure. With the onset of fermentation, the vegetation becomes a suitable medium for larval development. Larvae develop in the vegetation near the vegetation/manure interface, but not in the manure itself. Stable fly larvae and pupae have been observed in manure when moist manure with a dry crusted surface has been covered with layers of hay which are dry and not in a state of decomposition. In this case, the manure is more suitable for fly development than the hay (50).
Stable flies have been found in mixed manure and spilled feed samples from cage-layer houses at an incidence of 1 % or less of the total population of house flies and stable flies (46) . Larvae develop in the bedding of outdoor calf hutches, particularly if the bedding is coarse straw and the drainage beneath hutches is poor (109) . Litter from stables is also a frequent source of stable fly development. Stall litter dumped in wind rows or in individual small piles, combined with rain or poor drainage, produces materials which remain wet enough to produce flics for long periods of time (47) .
On cattle feedlots in the mid-western USA, cattle manure is an important medium for stable fly larval development (120) . Concentrated numbers of cattle produce large amounts of manure in relatively small areas. During the summer fly season, high ambient temperatures cause exposed manure to become dry and crusty. Moisture and nutrients are sealed beneath the surface, thus increasing the potential for manure utilization over long periods; the status of fly development in these areas must be determined by inspection, i.e. by digging beneath the surface.
Hay dropped by cattle while feeding from large bales of hay may constitute the greatest single stable fly breeding medium in certain areas. An average of 28,000 larvae/m 2 was found in hay residues on a dairy near Tallahassee, Florida (89) . Residues can remain active as breeding sites for several months and become quite thick, especially when new hay is routinely placed on top of decaying remnants from previous bales. With urine, manure and rain being mixed in as new residues are deposited, the habitat offers flies a variety of tolerable temperature and moisture ranges. The residues insulate larvae from ambient temperatures and prevent them from being crushed by cattle. If the rains are intermittent and residues become alternately dry and moist, larval activity may also be intermittent until the residues are no longer attractive as oviposition sites. Inspection is made by digging beneath the surface layer; the surface layer of hay may look the same on active and inactive residues (50).
Stable flies have been found to oviposit in rolled hay bales stored in fields (39) , demonstrating that stable flies can develop in materials and in areas which are not usually suspect.
Residues from spillage or overfeeding of greenchop (the top portions of young forages which have been cut and fed immediately) are also larval habitats. The habitats provided by greenchop and rolled hay residues similarly provide wide temperature and moisture ranges and protection from cattle and ambient temperature. Succulent greenchop residues decompose much faster than dry rolled hay residues, and do not require as much moisture from outside sources to remain attractive to stable flies (50) . Silage is an excellent medium for the development of stable fly larvae. Larvae may be found in peripheral areas of trench and bunker silos and in spillage around upright silos and feed bunks. Semi-permanent habitats have also been observed on farms where silage is fed routinely during the fall and winter months. Silage is utilized by overwintering stable fly populations in many parts of the USA (74).
In Africa, S. niger develops in decaying vegetation in forests or from agriculture, but it is associated particularly with debris which accumulates during the harvesting of sugar cane. As many as 50-60 larvae and pupae of S. niger have been found per m 3 of sugar cane debris. Sugar cane can be used by S. niger four hours after cutting and for three to four months thereafter (60) .
In coastal areas, marine and freshwater grasses and algae washed or hauled ashore are the only known naturally-occurring media potentially available for large-scale development of stable fly larvae. Habitats provided by aquatic grasses are very short-lived; only one generation of flies may be able to fully utilize the medium before it becomes unsuitable for larval development (118) . Although it was originally believed that stable flies developed in bay grasses along coastal areas and then moved inland in large numbers to annoy livestock (57) , further research has shown that agricultural areas are the primary sources of fly development and that fly outbreaks occur in coastal areas even when deposits of grasses on the bay shores are non-existent (144) . After arriving in coastal areas, the primary (i.e. most commonly encountered) hosts of the stable fly are humans. Favoured feeding sites are the back of the knee and the elbow, and landing rates of 80-100 flies per minute on humans are not uncommon during outbreaks (50) .
In agricultural areas, the stable fly is mainly a pest of livestock. Humans are rarely bitten unless fly populations are large and no cattle or other livestock are present nearby. Flies usually feed below the knees and hocks of animal hosts, but they may move onto the sides and back if populations are large (>25 per leg). Stable flies tend to wait in one location, rather than following the cattle, particularly in dairies (51), but they may disperse 5 km or more in search of blood meals (50) . The possibility of long-range fly dispersal was suspected after it became evident that stable flies invading coastal zones were not developing in littoral deposits of marine grasses (144) . By the use of marked, laboratory-reared stable flies, a flight range of 112 km was established and the capacity for long-range flight confirmed (4). The ability of stable flies to migrate over even longer distances was demonstrated in 1981 when wild stable flies were captured on beaches 225 km from inland marking sites. Although long-range dispersal has not been observed for S. niger, data from various authors suggest that these flies can move 3 km (77, 60, 86) .
Observations of stable flies probing flowers, presumably in search of nectar (132), support the theory that coastal populations are in a migratory phase. Records of similar behaviour can be found in the literature (127, 41) , but little significance was given to this phenomenon, as it was assumed that stable flies could not survive for more than a few days without a blood meal. However, stable flies have been shown to survive for as long as 15 and 19 days on various media (honey plus pollen extracts, and pollen extracts, respectively) (54). Although blood is needed for reproduction, the nutrients in nectar and pollen extracts would keep flies alive, and thus increase their chances of finding blood meals and ultimately reproducing. Stable flies can probably store nectar in the crop and digest it as needed for energy (54) , an ability which has been observed in other blood-feeding Diptera (22, 126) . This storage and utilization mechanism would enable stable flies to survive during periods of prolonged flight and provide them with an alternative food source when blood meals are not available.
ECONOMIC IMPACT
An annual cost of US$9.80 per head (more than US$100 million total) was estimated in 1993 for S. calcitrans control in the cattle industry in the USA, and for weight losses resulting from stable fly activity (15) . When the causes of weight loss were evaluated, it was found that approximately 72% was due to bunching of animals and the resulting heat stress, and the remaining 28 % was due to actual stable fly feeding and the energy used to fight the flies (142) . Threshold estimates for economic damage to beef cattle have been expressed in various terms, and susceptibility varies between breeds (18). Average daily count threshold estimates range from 25 (124) to 50 flies per animal (16) . Less than two flies per leg was estimated to be sufficient to cause economic damage to feeder heifers (17) . Stable flies have been shown to cause reductions in milk production in dairy cattle (12, 79) , but free access to high-energy feeds apparently negates the effects of fly feeding (75) .
Although more limited in distribution than S. calcitrans, S. niger is a serious and often under-rated pest of livestock, particularly cattle, in Africa. Flies attack cattle in large numbers, often causing debilitation as a result of the loss of blood (77, 60, 86) .
Stable flies can have a significant impact on the tourist industry. This has probably been best documented in north-west Florida (83) , where swarms of stable flies have reportedly caused the complete evacuation of beaches and tourist resorts (57) . Dogs can be subjected to unrelenting attacks which will eventually mutilate their ears (50) . Although S. niger seems to prefer beef and dairy cattle, this species also attacks humans, dogs and a number of other vertebrate hosts (60) .
Diseases
Stable flies have been shown to transmit a number of disease organisms. The stable fly can be an important mechanical vector, in the absence of tabanids. Several reviews are available which detail the role of the stable fly in disease transmission (32, 147) . Of particular significance is the ability of S. calcitrans to mechanically transmit T. evansi and equine infectious anaemia ('swamp fever'), a viral disease.
S. calcitrans
is an intermediate host for some species of Habronema, nematode parasites found in the stomach of horses. A cutaneous form of habronemosis, summer sores, is a skin disease of horses which develops if infected flies passively release larvae while feeding on skin wounds or sores. Infected flies resort to feeding on open wounds because the habronema larvae interfere with the ability of the flies to pierce the skin of the host (147) .
SURVEILLANCE
The most effective devices for surveillance or monitoring of adult stable fly populations are composed of a reflective material such as fibreglass. The first of these, the Williams trap (143), consisted of two rectangular panels of fibreglass notched halfway through the long sides and fitted together in a cross configuration. Williams traps were inserted into stakes approximately 100 cm high and coated with an adhesive material to catch the attracted flies.
The basic Williams trap has been modified in a number of ways. To facilitate cleaning, some researchers preferred to apply the adhesive to clear plastic sleeves slipped over the fibreglass instead of directly onto the fibreglass surface (111) . When fluorescent dust was applied to the fibreglass instead of an adhesive, the Williams trap became an attractive self-marking device for marking wild stable flies (48) . Corrugated fibreglass was formed into a cylinder trap (8) and this was subsequently commercialized. The commercial cylinder trap is not coated with an adhesive, but is covered with a disposable, clear-plastic adhesive sleeve.
A cylinder trap consisting of fibreglass with a screen collection device and baited with C0 2 was developed for capturing live stable flies for dispersal studies (31) . Several traps have been made from reflective plastic in conjunction with adhesives or electrocution grids (99) and some of these are being sold commercially.
Trap placement is paramount to success, as numbers of captured flies will vary from place to place in any livestock facility. For consistently high trap counts, traps must be placed where flies normally congregate (e.g. cattle loafing sites, holding pens near milking parlours in dairies, pens on the perimeters of feedlots) (50) .
In beef and dairy feedlots, counting the number of stable flies on the front legs of a predetermined number of animals is a convenient surveillance technique, and several sampling methods have been developed (69) . Under confinement conditions, cattle readily face the observer, thus facilitating the counting process. This technique is difficult to use with pastured cattle, as cattle may face the observer or turn and walk away.
A 'stanchioned calf technique was developed for monitoring adult stable fly populations (130) . Data collected using this technique correlate favorably with those collected using Williams traps and front leg counts, thus allowing data collected using any of the three methods to be easily converted for the purpose of comparison.
CONTROL
All phases of stable fly control have been described in two recent review articles, which should be consulted for a complete historical overview of this topic (76, 34) . A brief listing of the more important control techniques is given below.
Chemical control
A number of pesticides and repellents are available for the management of stable fly populations on livestock. However, the efficacy of many of these is relatively short-lived (several hours). Treatment of large numbers of animals is impractical unless stable fly populations are extremely pestiferous. If treatments are applied to animals, care must be taken to thoroughly coat the lower extremities, where stable flies normally feed.
Permethrin EC (emulsifiable concentrate) and WP (wettable powder) formulations have been tested as contact residuals on unpainted wood in shaded locations (50) . However, the persistence of residues is not predictable over time. Sub-lethal exposure levels may be found less than one month after application.
By applying pesticides to the fibreglass, the Williams trap becomes a short-term toxicant device for killing flies (72) . However, orlon yarn impregnated with permethrin EC (58) and wrapped in a continuous coil around the fibreglass panels of Williams traps (omitting the adhesive) is much more effective (50) . Yarn is soaked in a 1% solution of permethrin at 66°C for 20-30 min and allowed to air dry (58) . The upper and lower edges of the fibreglass panels are notched at 1.3 cm intervals, enabling the yarn to be fixed in place (133) . These toxic devices remain active in the field for a minimum of three months with no apparent decrease in efficacy following exposure to sun, rain or temperature extremes. Treated yarn can be used immediately after impregnation, or may be stored indoors in plastic bags for up to one year. Impregnated yarn is recommended instead of direct application of pesticides to wood for the following reasons:
-yarn may be left in the field for three months with no decrease in efficacy; -yarn-wrapped toxic devices may be used intermittently during the year to reduce fly populations to desired levels.
Yarn-wrapped toxic devices may be placed on stakes or hung singly on fences (50).
Insecticide-impregnated ear tags and ear tapes have been shown to aid in the reduction of stable fly populations in some cases (35, 49) . Unfortunately, the body areas receiving the best coverage from ear tags -i.e. the neck and shoulders (7) -are not where stable flies normally feed (i.e. lower portions of the legs).
It has been shown that stable fly populations in western Kansas have developed levels of resistance to pesticides used for fly control on feedlots. Resistant flies were found on feedlots which had never used chemical pesticides. This further demonstrates the occurrence of fly dispersal between farms, and emphasizes the need for area-wide control programmes (21) .
Cultural control
Cultural control (sanitation) is the most important method for on-site reduction of stable fly populations (34) . Control of adults is futile if new, replacement adult populations are being produced on-site as quickly as the previous populations are being eliminated. Developmental sites and substrates are described above in the 'Biology' section. Proper management of these areas and substrates will render them unsuitable for use by stable flies.
Stacking and burning active rolled hay residues can result in a rapid decrease in adult stable fly populations (50) . As an alternative to burning, wet hay residues may be stacked, covered with black polyethylene and left to compost. More compactible materials, such as stall litter, may be composted by stacking materials in large piles. Even without a plastic covering, stacking reduces the surface area which flies use for development. Internal materials will compost, especially if wet, and the resulting elevated temperatures will further limit fly development (47) .
If large hay bales being fed to stock are placed on wagons (or other mobile platforms), residue accumulations can be minimized by moving the wagons a short distance once or twice a week. The small amounts of hay deposited tend to dry completely, without becoming attractive oviposition sites. Routine removal of rolled hay residues greatly reduces or eliminates stable fly populations.
Fly development in bedding in calf hutches can be minimized by using materials which tend to stay dry, and by improving the drainage under hutches. Of all the materials tested, sawdust bedding proved to be the most effective in reducing fly populations (110) .
Mechanical control
With the advent of pesticide resistance and increasing concern over the use of synthetic pesticides, renewed emphasis has been placed on the use of traps, particularly for adult populations. Traps were previously considered useful for the management of fly populations, but they have also been viewed as tools for the elimination of populations (141) .
Since the development of the Williams trap, this has been used as a survey tool. However, in one documented instance, it was used for management of fly populations (106) . A major change in the design of Williams-type sticky traps commenced with the development of the pyramid trap (95, 97) 
and the octahedral trap, which attracts face flies (Musca autumnalis
De Geer) to the upper surfaces and stable flies to the lower surfaces (96) .
Traps employing electrocution grids are very popular for fly control, and these can be effective when combined with attractants such as ultraviolet light and C0 2 (80, 112) . Unfortunately, ultraviolet light for diurnal trapping is effective only indoors, and currently-available C0 2 sources are cumbersome for use in the field. However, by combining electrocution grids with the reflective materials used in the pyramid traps, battery-powered and then solar-powered electrocution grid traps were developed for use in the field (94, 98) . Several models of solar-powered traps which attract both house flies and stable flies are being produced commercially.
A walk-through trap for use by cattle and a baited trap for use around cattle pens have been used for reduction of S. niger populations in East Africa (77) . East African farmers also physically prevent S. niger from coming into contact with cattle by placing the animals in darkened straw huts. However, flies will attempt to enter these darkened structures if driven by hunger (77) .
Biological control
Biological control of stable flies has been studied by a number of research workers, particularly in the mid-western USA and Africa. Although much progress has been made, effective systems have yet to be developed for a number of bona fide reasons. Several books contain research summaries or review articles showing the progress of research in this area (88, 87, 92, 107) . A brief overview of the more recent findings is given below.
Although much effort has been expended on studies of biological control agents for stable flies, little attention has been paid to the role of predators of the immature stages. Lists of known predators have been assembled and the effects of predation have been quantified (40, 114) . The use of predators in augmentative releases has been limited by the lack of mass-rearing techniques (90).
Parasitic hymenoptera have been used more widely, with varying degrees of success, and most studies involving the stable fly as the major host species have been performed in the mid-western USA. It has been determined that parasites purchased from commercial insectaries for release in a particular geographic area must be naturally effective in that area if the parasites are to succeed (123, 91, 33) . The parasite species most commonly attacking stable fly pupae in Kansas, Nebraska and Florida is Spalangia cameroni Perkins (73, 36) . Control programmes can fail if commercial insectaries do not supply adequate quantities of pure cultures of the species requested (3).
Control summary
Management of larval habitats by sanitation is the key to stable fly control. Treatments of animals with residual insecticides can aid in control; thorough application to the lower body parts of animals is important. Proper use of modified traps, using either treated targets or solar-powered electrocution grids, can be effective.
HORN FLIES AND BUFFALO FLIES
Haematobia is a genus of muscoid fly which contains several species, but the exact number has still not been resolved taxonomically. Over the past two decades, taxonomists have listed 4 (121), 6 (147) or 8 species (119). All species were originally found in the Old World, but H. irritans (L.) was introduced into the New World in the late 19th century (147) . H. irritans irritans, the horn fly, has the widest distribution and has been found almost throughout the world (32, 147, 119) . Currently, the horn fly is found throughout Europe, North Africa, Asia Minor and the Americas. The most recent expansion of the range of the horn fly has occurred throughout South America, including almost the whole of Brazil, Paraguay, Uruguay and Bolivia, and over half of Argentina. The closely-related buffalo fly (H. irritans exigua)
is found in India, Indonesia, Malaysia, Papua New Guinea, China and northern Australia (6) . Most of the biology and control of these two flies is common. Because of the limited distribution and economic significance of the remainder of the Haematobia species, this review will be limited to horn flies and buffalo flies.
Adult Haematobia are basically grey in colour, with some darker markings on the thorax in some regions. To the untrained eye, these flies are similar in size and appearance to some species of the anthomyid family and the genus Fannia. However, two characteristics usually separate Haematobia from these other groups: the sword like proboscis projecting from beneath the head, and the close association of Haematobia with a host animal. The proboscis is less prominent than that of Stomoxys and is partially obscured by the palps. Size range of adult horn flies is 3-5 mm (147).
BIOLOGY
The biology of H. irritans is probably similar throughout the geographical range, due to the close relationship with hosts and because fresh manure is used for oviposition. This species can tolerate a high degree of climatic and topographic variation, and spreads rapidly into new geographical areas.
Eggs are deposited on fresh bovine manure and hatch after 20-24 h into small, firstinstar larvae. These larvae grow and molt into the larger, second-and third-instar larvae. Third-instar larvae eventually form the pupal stage. Development from egg to pupa takes approximately 4-8 days for H. irritans, depending on the temperature (68) . After approximately 6-8 days in the pupal stage at summer temperatures, H. irritans adults emerge to seek a host and a blood meal. Adults of both sexes are blood feeders, and spend a large portion of their lives on host animals, including domestic species of livestock. Adults begin mating when 3-5 days old and females begin laying eggs when 3-8 days old. However, there are reports of females laying eggs when only 2 days old (67). Adults must have blood meals to successfully mate, and females need blood meals for egg production. Females lay between 11 and 13 eggs (singly or in small numbers) during one cycle, on freshly-deposited manure (84, 67) . Another blood meal must be taken before a second batch of eggs can be produced. Total lifetime production is 100-200 eggs (84) . H. irritans adults live up to 21 days in the laboratory, but probably survive less than 1-2 weeks in the field.
Horn flies enter a facultative diapause, and overwinter as pharate adults within their puparia (128) . Flies enter diapause in the fall because of decreasing day lengths and decreasing temperatures (23, 24, 146) . Diapause is terminated in the spring by increasing temperatures of the substrate (63, 129, 130, 67) .
Horn fly larvae develop primarily, if not exclusively, in the manure of cattle (68), while pupae may be found in the manure pat or in the substrate near or beneath the pat (128) . Survival depends on the ability of larvae and pupae to withstand a number of factors within or near the manure pat, such as variation in manure nutritional content (108) , variation in temperature and moisture level (70, 20) , intraspecies competition and competition with other dung-breeding species, and the effects of predators and parasites (25) .
Adult flies tend to stay on the host animal throughout the day and night (59) , leaving only to lay eggs in fresh manure. Flies have been observed moving from the shoulders of cattle to the area near the tail, as animals deposit manure. Flies then fly to the manure, lay their eggs and return after an absence of less than one minute (102) . Flies feed mainly on the back and sides of animals. The name 'horn fly' originates from the tendency of these flies to cluster at the base of horns of the host, but clustering of flies on horns is no longer as common as in previous times. Both males and females are blood feeders, taking 20-30 blood meals per day. Horn flies will feed on a number of hosts other than cattle, such as water buffalo, horses, and (rarely) humans and dogs (38) .
Dispersal of adult horn flies was thought to be limited after the completion of several initial studies (41, 68) . However, when pesticide resistance became an issue, the detection of resistant flies in locations where pesticides had not been used raised further questions regarding the ability of the horn fly to disperse in the environment (117) . Subsequently, several dispersal studies performed with wild horn flies have demonstrated that the horn fly will disperse 5 km and probably much further (13, 116) . As might be expected, dispersing populations are predominantly females (37, 71) . It is suggested that dispersal of flies primarily involves newly-emerged flies; once the host is located, the flies stay within the herd.
ECONOMIC IMPORTANCE
Although the horn fly is only one of many dipteran (two-winged) pests of livestock, it can be the most obvious blood-sucking pest of cattle. It has been speculated that annual economic losses due to horn flies in the USA are over US$800 million, and that at least US$60 million worth of insecticides are applied each year (5).
The impact of the horn fly varies in relation to climate, region, pasture characteristics, management techniques, production systems, breed type and calving periods. In temperate areas, H. irritans has been considered a serious pest of pastured beef cattle during the warmer months of the year. In subtropical areas, these flies can be found on cattle almost throughout the year, but population peaks occur according to local climatic conditions. In North America, when populations reach levels of 200 flies per animal, it has been considered to be economically expedient to control this pest. The economic threshold for the buffalo fly has not been established, but it is assumed to be between 200 and 500 flies per animal (6) . Diptera other than horn flies (e.g. horse flies, mosquitoes and stable flies) may cause economic damage due to blood loss, annoyance or disease transmission, but control of these pests requires more than a single strategy based on the use of insecticides. Thus, the control of horn flies is often the focus of limited pest control programmes.
As horn flies can be found on cattle throughout most of the year (except during extreme winter temperatures in many areas), it is important to consider descriptions of the economic gains associated with horn fly control. Horn flies have been shown to reduce the milk production of cows, which is associated with decreased weaning weights of calves. Furthermore, weight gains in yearling or growing cattle can be influenced by horn fly control.
Weaning weight
Until recently, estimates of the economic benefits of horn fly control for cattle have been based on studies using extremely effective control measures for treated animals, often achieving 100% control. Studies indicated potential beneficial effects of horn fly control on weight gain of calves nursing spring-calving beef cows. Campbell (14) was one of the first researchers to demonstrate an association between horn fly control and enhanced production of cow-calf pairs. At weaning, steer calves of treated Hereford cows which averaged 30 flies per cow over the 153-day trial were on average 5.9 kg heavier (0.04 kg average daily gain [ADG]) than calves from untreated cows which averaged 938 flies. In a two-year study, Quisenberry and Strohbehn (101) reported an increased weaning weight of an average of 5.6 kg for cross-bred calves from treated cows which had an average of one fly per cow over a 102-day period, compared to calves from untreated cattle which averaged 58 flies per cow. Haufe (45) suggested the need for establishment of fly-free grazing (FFG) conditions to obtain the type of increased performance described above. The FFG system was considered important because behavioural changes of cattle could be induced by low levels of horn fly infestation. However, contemporary studies on weaning weight gains associated with horn fly control for spring-calving systems (either with or without FFG) have failed to support earlier studies (113, 52) . In a seven-year study, Gerhardt and Shrode (30) demonstrated that differences in weight gains between treatments may vary from year to year. Therefore, one-year or even two-year studies on cow-calf performance may be too short to produce reliable economic data. The level of horn fly control required for FFG is no longer attainable in most parts of the USA, due to the development of insecticide resistance. Hogsette et al. (52) were the first to the address this problem, and concluded that economic benefits of horn fly control for cow-calf pairs and replacement heifers could not be attained using sprays or dust bags, and that cattle in north-west Florida could tolerate average fly populations of over 200 per animal.
Recently, D. Morrison and L. Foil (unpublished findings) measured the effects of horn fly control on fall-calving beef cow production. Calves were born in September and October of each year, and cow-calf pairs were managed as a single group from calving until the initiation of the study in late March; cattle were then split into two equal groups on the basis of calf weight and age. The three-year seasonal average for the number of flies per animal during the study was 45 and 246 for treated and control cows, respectively. Calves from control cows gained 9 kg more than calves from treated cows in one year. In the other two years, calves from treated cows gained 10 kg and 2 kg more than control calves; these differences were not significant. The results of this study indicated that spring horn fly populations have little or no impact on the weaning weight of fall-born calves, even when fly numbers on untreated cows exceed 200 per animal. The potential for economic benefit of controlling horn flies on cows with nursing calves is not a settled issue. However, most producers prefer to control horn flies, in view of the obvious irritation induced by these flies.
Yearling and growing cattle
Various studies conducted over the last fifteen years have reported benefits of horn fly control in increasing weight gains of yearling cattle of Angus and Hereford breeds in the USA. Harvey and Brethour (44) reported in a six-year study (average grazing period 163 days) an 8 kg advantage in total gain (0.05 kg ADG) for treated (average of 48 horn flies) over untreated yearlings (average of 322 flies). Kunz et al. (61) , in a threeyear study, found that treated yearling steers (with essentially no flies) had from 0.08 kg to 0.10 kg higher daily gains than controls (with an average of over 700 flies) for 90-120 day grazing periods.
Recently, S. DeRouen and L. Foil (unpublished findings) studied the potential economic benefits from moderate levels of horn fly control for 25-50% Brahmaninfluenced (Bos indicus) yearling cattle under a grazing production system in the southern region of the USA. Horn fly populations were controlled on yearling cattle during the grazing seasons at moderate levels (an average of 87 flies on untreated cattle compared to 275 on treated cattle). Weight gains of yearlings were affected by horn fly control; treated cattle gained 0.12 kg/day more than untreated animals. These results indicate that Brahman-influenced yearlings responded beneficially to horn fly control, as was found in previous studies of B. taurus yearlings. Therefore, most reports support findings by Haufe (45) , who suggested that yearling or growing cattle show a lower tolerance to horn fly populations than mature cattle.
Location, age of cattle and realistic levels of horn fly control must be considered to determine the economic benefits of horn fly control strategies. Most of the economic data associated with horn fly control have been gathered in relation to the production and sale of juvenile (predominantly B. taurus) cattle which are sold for finishing on grain. The level of Brahman breeding has a significant impact on the number of horn flies on individual animals, and this is unrelated to colour (135) . Considerable study is still required on the horn fly as an economic pest of production systems producing a mature or near mature grass-fed animal.
Disease transmission
The horn fly is the known intermediate host of the filarid nematode Stephanofilaria stilesi, which causes skin lesions of bovids. The lesions are circumscribed, can be crusty, and are located on the abdomen near the midline. The buffalo fly has been linked with similar lesions of cattle in Australia (55) . Newsholme et al. (82) reported ulcerated lesions on the lateral aspects of bovids associated with Haematobia meridiana and possibly a filarid transmitted by the flies.
Foil et al. (28) described a seasonal ventral midline dermatitis associated with the feeding of horn flies. The flies fed on areas of hair-loss induced by Onchocerca cervicalis and created lesions which were described as composed of crust and ulcer. Flies did not have developing stages of Stephanofilaria.
Therefore, ulcerated crusty lesions can be formed strictly by the feeding of horn flies aggregating at areas of hair-loss due to injury or other mechanisms. The horn fly is generally considered to be a relatively unimportant mechanical vector of pathogenic agents. However, these flies will accumulate around open biopsy wounds, and care should be taken to prevent flies moving among animals if multiple biopsies are taken.
SURVEILLANCE
As the major part of the life of the adult is spent on the host, there have been few attempts to develop traps for horn fly surveillance. Tugwell et al. (134) reported catches of horn flies on a sticky black barrel containing dry ice (C0 2 ). Currently, efforts are being made to develop genetic probes or other techniques to identify individual resistant flies. Subsequent to this development, studies on the movement of resistance and other genotypes within and among horn fly populations will be possible, and effective horn fly traps will be needed.
Currently, the counting of flies on animals is the standard surveillance method for horn flies. The technique is considered accurate up to approximately 500 flies per animal with the aid of binoculars, if animals can be approached by vehicle or horse. An appropriate number of animals to allow statistical comparisons is currently considered to be 10 animals per group, or 10% of the herd if the herd size is above 100. Within herds, there is an irregular distribution of horn flies. Bulls will harbour a higher number of flies than cows, and darker animals will usually have more flies. Even within breeds of uniform colour, certain individuals will consistently have high numbers of flies while other individuals will have low numbers (125) . The preferred number to record is the total number of flies per animal. Horn flies frequently feed on and fly between different body regions of animals in large groups. A host defensive movement such as a swing of the head to one side can result in hundreds of flies on one side of the animal and very few on the other side. Flies move to the ventral side of animals in bright sunlight during warm months of the year. Therefore, counting flies in the early morning hours provides the best results during these periods. Male flies reportedly spend more time on the legs than females. Pyrethroid-resistant flies also aggregate on the ventral areas of cattle treated with pyrethroid ear tags. The distribution of insecticides on animals treated with ear tags is a result of contact between animals; that is, the insecticide spreads to the hair of animals from the tags by contact. The lowest concentrations of insecticides are found on the abdomen. One of the mechanisms of resistance to pyrethroids by horn flies includes development of a higher sensitivity to and thus movement away from the pyrethroid insecticides (122) . Due to the above variables which affect the location of horn flies on animals, a thorough investigation of both sides of each animal is preferable, when possible.
The important factor to bear in mind for horn fly surveillance is consistency. When possible, the same person should make counts throughout the study. Also, it is recommended that a novice counter should start when numbers are low on the animals (early in the season or shortly after treatment). This will result in the ability to count in patterns of 25-50 flies when numbers are elevated.
CONTROL
Although insecticides and application techniques are summarized elsewhere, a review of this material relative to the practical aspects of horn fly control for range cattle is most appropriate. Since the horn fly spends almost its entire adult life on livestock, the majority of insecticides and application techniques have been successful in controlling horn flies at some point in time. At least in the USA, each one of these success stories is followed by one of significant loss of control or resistance development over time of use. Sparks et al. (122) presented an excellent review on insecticide resistance in the horn fly. Confirmed reports of resistance to organochlorines and organophosphorus compounds occurred in the 1970s, and descriptions of resistance to pyrethroid ear tags were numerous in the 1980s. Recently, resistance to the newer organophosphorus-impregnated ear tags has begun to appear. Therefore, it should be obvious that the horn fly develops resistance to persistent exposure to insecticides whether the persistence is due to the molecular structure of the insecticide or to the release system (e.g. ear tags). Studies on the mechanisms of horn fly resistance have been limited, but it appears that almost any mechanism which has been described for insect resistance to different chemical classes can occur in resistant horn fly populations.
Mechanical control
Any effort to destroy the integrity of manure pats will reduce larval survival and adult emergence. This is the obvious explanation for the fact that the horn fly is not a pest of confined animals. Dragging pastures or employing other mechanical means of disturbing the manure can be effective. In some pastures, flooding can also inhibit fly production. Bruce (9) described a walk-through trap which consists of a dark structure with sunlight providing side lighting. Cattle are trained to walk through the structures by gradually assembling the trap at a gap which cattle must pass to obtain water, food, etc. When cattle walk through the trap, some of the flies leave the animals (strips of fabric hang from the top of the trap to brush flies off) and are trapped in the sides which have screen baffles. Cleaning flies out of the sides may be necessary in some regions, but ants often keep the traps free of accumulated fly bodies. The traps are relatively inexpensive to build and provide a control level of approximately 50%. In theory, combining physical control with chemical control can delay resistance development. In practice, chemical control measures last longer when the cattle use the traps. Although this is an old idea, it still works for cattle with a mild temperament.
Chemical control
The fly trap was discussed first because it is a modification of self-treatment devices used with insecticides. Bruce and Decker (11) used a spray device activated by cattle walking through an alley to apply Pyrethrins. There have been many modifications of activated spray systems; some are commercially available. Likewise, activated dusting systems have also been developed. Activated spray and dust systems are frequently designed around the use of mineral feeders for range cattle.
The dust bag and cable back-rubber are self-application systems which have the least degree of complication. These systems are placed around minerals, salt blocks or water, near water or loafing areas or in frequently-used gaps or alleys. The dust bag may range in sophistication from one burlap sack containing dust placed inside another burlap sack, to commercially-available units. Cattle passing under the bags are treated on the head and back. Dust bags are appropriate for cattle which routinely frequent an area, but dust bags may require shelter and may be unsatisfactory in humid climates. The cable back-rubber is another self-application device which can be used in areas frequented by range cattle. The back-rubber is easy to construct and durable. A 20 ft (6 m) chain (or multiple strands of barbed wire wound together) is suspended between posts or trees; the ends of the chain are attached to the tree or post at a height of 4 ft (1.2 m) and the centre is allowed to sag to 18 inches (0.5 m) above the ground. The backrubber is treated with one gallon of insecticide and diluent (routinely a petroleum product) mixture prepared by following the instructions of the manufacturer. Cattle passing under the back-rubbers are treated. The back-rubbers are recharged at 2-3 week intervals, depending on local conditions. Self-application and other methods are used to administer insecticides and insect growth regulators for the purposes of preventing development of horn fly larvae in manure. The self-application methods consist of mixtures in minerals, feed and water, while the ruminant bolus is routinely used to administer compounds which are slowly released into the manure. Many different forms of sustained-release systems have been developed for boluses. Moon et al. (78) found that commercially-available mineral blocks containing feed-through insecticides were ineffective in controlling the development of horn flies in the manure of pastured cattle. Adult horn flies have been found to disperse more routinely and widely than was previously considered. This movement explains observations that larvicides do little to dimmish the number of adult flies on cattle in herds which are near (6-8 km) untreated herds. Larvicides can be successful when used in area-wide control programmes where all animals are effectively treated. Of course, the effects of the selected insecticides on dung fauna and decomposition of dung must be considered before massive area-wide programmes are attempted.
When sprays and dips are used for the control of other arthropod pests, horn fly control is also attained. These applications are usually made with solutions which contain suitable concentrations of insecticide to suppress even the most resistant populations of horn flies for several weeks. One early modification of dipping vats mentioned as increasing horn fly control was the addition of splash boards when less effective chemicals were available (10) . The boards were placed along the sides of the vat at a height of 4 ft (1.2 m) above the surface of the solution, at an angle of 60° to the upward vertical, causing the solution splashing up onto the boards to be deflected down onto the backs of the animals. A popular technique for applying horn fly treatments is the 'pour-on'. A concentrated formulation of the insecticide is poured along the backs of cattle. Groups of cattle can be treated quickly with very little stress if proper facilities are available. The efficacy of the pour-on for horn fly control is normally equal to or greater than that of spray application. 'Spot-on' treatments involve the application of even more concentrated formulations to a single spot on the backs of cattle. Avermectin pour-ons are now available which achieve internal parasite control in addition to external parasite control (duration of 4-6 weeks against horn fly).
The insecticide-impregnated ear tag was introduced as a method for controlling ear ticks in the 1970s and quickly became popular for horn fly control. Application of tags is easy and cattle can be treated under any weather conditions. If a susceptible population of horn flies is exposed to an effective ear tag application, up to 4-6 months of control can be obtained. The first pyrethroid ear tags (fenvalerate and permethrin) were very effective for controlling flies; but within three years of extensive use, pyrethroid resistance developed in fly populations. More recent ear tags contain more effective pyrethroids or organophospates with or without synergists. However, resistance can develop with continued use, and cross-resistance to pyrethroids is common. In the laboratory, resistance to insecticides can be selected routinely within forty generations. As development can occur in approximately ten days in subtropical climates, and seasons are long (with almost twenty generations of horn flies per year), resistance can appear after three years of continued use. By contrast, in more northern climates there are fewer generations per year, and resistance develops at a slower pace. Regardless of the mechanisms, selection for resistance is greatest when fly populations are exposed to slowly-decreasing insecticide levels over a long period. Therefore, resistance to the insecticides in commercially-available ear tags is very probable. Several bioassay techniques exist which can be used to determine the susceptibility of fly populations to various compounds. An example is the assay developed by Sheppard (115) which uses two-fold dilutions of insecticides applied to filter paper and placed in petri dishes. Flies are removed from cattle and placed in the petri dishes in groups of approximately 25 flies (three groups per concentration) for 4 h. The numbers of alive and dead flies for each concentration of insecticide tested are recorded at the end of the assay. The results of the filter paper assays are reported as LC 50 (the concentration of insecticide on filter paper required to kill 50% of the flies in 4 h). Susceptibility levels for the various chemicals are determined by exposing a susceptible laboratory strain of flies to the test each time new test kits are prepared. When pyrethroid resistance develops, the LC 50 for certain pyrethroids can increase dramatically. However, the assay is not as sensitive for organophosphate-resistant flies.
Biological control
The biological control of horn flies and buffalo flies is achieved by competition for dung (the horn fly larval habitat) and by predation. Since horn flies oviposit on fresh manure, the time frame for competition for dung must occur within the larval development period to have an impact on fly populations. The biological control of dung is an important area of livestock production independent of fly control; this can be a problem in geographical areas devoid of an evolution of dung beetles with large ruminants. For example, the native species of dung beetles in Australia were not sufficient to remove the dung of cattle which were imported by English colonists. Waterhouse (139) calculated that an adult bovine averaging a production of 12 pats per day could reduce the forage availability by 20% per acre per year in the absence of critical insect fauna.
From 1967 up to the 1980s, multiple species of African dung-burying scarab beetles were successfully imported into parts of Australia, and dung disposal was significantly augmented. Although there were some early indications of reduced fly populations, there appears to be no measurable effect on buffalo fly populations; similar results have been observed in the USA. This may be due to interaction with other beneficial arthropod species which also affect dung dispersal or survival of flies, such as predators and parasitoids (105) . Climatic conditions (a combination of mild winters and high summer rainfall favours high dung beetle populations) and dispersal of released scarabs also affect the impact of imported dung beetles on horn fly populations, thus complicating the evaluation of the long-term success of release programmes.
The impact of predators and parasitoids on horn fly populations has been studied using several techniques. Roth et al. (104) used differential exclusion techniques to evaluate the contributions of scarabs and predation as mortality factors of the buffalo fly. Although scarabs were the most important group, predatory beetles also played a significant role in buffalo fly survival. Beetles in the families Staphylinidae and Histeridae are the main predators of immature horn fly and buffalo fly, and the impact of foreign imports of these predators into Australia and the USA has been evaluated to some degree. Predatory mites, which are phoretic on (transported by) dung beetles and attack the eggs and larvae of dung-inhabiting Diptera, have also been introduced for buffalo fly control in Australia (138) . In most regions of the world, native arthropods contribute significantly to the reduction of individuals in the genus Haematobia, and the role of these native species should be evaluated before importation of exogenous arthropods is considered.
Control summary
A variety of techniques are available for horn fly control. Treatments should be applied when economic benefit is possible; economic gains are associated with increased weaning weights and weight gains of yearling and growing cattle. The economic threshold is variable, but 200 flies per animal is a standard in parts of the USA. Self-application techniques are appropriate for cattle which are worked infrequently. Resistance to highly-effective treatments, such as insecticide-impregnated ear tags, routinely develops within forty generations of continuous pressure. PALABRAS CLAVE: Biología -Control -Haematobia -Mosca de los ciervos -Mosca de los cuernos -Mosca brava -Stomoxys -Tabánidos -Tábanos.
